Purpose: Non-opioid analgesics are increasingly used as part of a multimodal regimen for pain management. This prospective, randomized, double-blinded, placebo-controlled study was designed to evaluate the effect of short-term postoperative administration of celecoxib on pain management and recovery outcomes following laparoscopic surgery.
Methods:
Eighty consenting ASA I-III outpatients undergoing laparoscopic surgery were randomly assigned to one of two treatment groups: Control (placebo) or Celecoxib (celecoxib, 400 mg·day -1 ). The initial dose (celecoxib 400 mg or placebo po) was administered in the recovery room, and celecoxib 200 mg (or a placebo) po bid was continued for three additional days after surgery. Postoperative pain scores and the need for opioid-containing analgesics were recorded at specific intervals in the recovery room. Follow-up evaluations were performed at 24 hr, 48 hr, 72 hr and seven days and one month after surgery to assess post-discharge pain, analgesic requirements, complications, quality of recovery, and resumption of normal activities, as well as patient satisfaction with their pain management. Results: Celecoxib reduced mean pain scores and the need for analgesics at 24 hr and 48 hr postoperatively. Patient satisfaction with their postoperative pain management was also higher in the Celecoxib group (94 ± 8 vs 80 ± 25, P < 0.05). Quality of recovery scores were significantly higher in the Celecoxib group on the first and second postoperative days (17 ± 1 vs 15 ± 2, and 18 ± 1 vs 16 ± 2, respectively). Finally, bowel function recovered an average of one day earlier and patients resumed activities of daily living two days earlier in the Celecoxib group (P < 0.05).
Conclusion:
Short-term administration of celecoxib, 400 mg·day -1 po, decreased postoperative pain and the need for opioid-containing analgesic medication, leading to an improved quality of recovery after outpatient laparoscopic surgery. 
N ONSTEROIDAL
anti-inflammatory drugs (NSAIDs) are widely used as part of a multimodal analgesic regimen for preventing pain after ambulatory surgery. 1 Ketorolac has been found to reduce postoperative pain and the need for opioid analgesics after laparoscopic surgery, 2 and facilitate an earlier discharge after anorectal surgery. 3 Nevertheless, concerns persist regarding the use of non-selective NSAIDs like ketorolac during the perioperative period because of the risk of operative site and gastrointestinal mucosal bleeding due to blockade of prostaglandin synthesis at the cyclooxygenase-1 (COX-1) receptor. 4, 5 Studies involving COX-2 selective inhibitors have demonstrated that they can improve pain control after a wide variety of ambulatory surgery procedures. [6] [7] [8] [9] [10] [11] [12] [13] [14] Nevertheless, questions remained regarding the efficacy of perioperative administration of COX-2 inhibitors in improving the later recovery processes (e.g., recovery of bowel function, resumption of normal activities of daily living). For example, perioperative administration of rofecoxib improved the quality of recovery in the early postoperative period after outpatient hernia surgery, but failed to facilitate resumption of normal activities of daily living. 12 Similarly, it was shown that perioperative celecoxib reduced postoperative pain and opioid-related side effects (e.g., constipation) after ambulatory arthroscopic knee surgery without improving late recovery events.
14 Preoperative parecoxib followed by short-term postoperative valdecoxib improved recovery after laparoscopic cholecystectomy procedures. 13 However, studies involving perioperative administration of these two COX-2 inhibitors in patients undergoing cardiac surgery found an increased incidence of postoperative wound infections 15 and cardiovascular complications. 16 Since both valdecoxib and rofecoxib have been withdrawn from the market because of patient safety concerns, we designed this randomized, double-blinded, placebo-controlled study to test the hypothesis that postoperative administration of oral celecoxib (400 mg·day -1 for four days) would lead to an improved quality of recovery and earlier resumption of normal activities of daily living after laparoscopic surgery.
Methods
After obtaining Institutional Review Board approval at the University of Texas Southwestern Medical Center at Dallas and written informed consent, 80 American Society of Anesthesiologists (ASA) physical status I-III outpatients undergoing laparoscopic surgery (e.g., tubal ligation, cholecystectomy, diagnostic) at Parkland Memorial Hospital were enrolled in this randomized, double-blinded, placebo-controlled clinical study. Patients were excluded if they had difficulty understanding English, had an allergy or contraindication to taking NSAIDs, chronically used NSAIDs, had received an opioid analgesic medication within a 12-hr period prior to the operation, were pregnant or breast-feeding, had a history of alcohol or drug abuse, had a bleeding disorder, or had clinically-significant neurologic, cardiovascular, renal, hepatic or gastrointestinal diseases. Patients meeting the inclusion criteria were assigned to one of two treatment groups, Control (placebo) or Celecoxib 400 mg·day -1 , based on a computer-generated randomization table.
In the preoperative holding area, patients were asked to complete baseline verbal rating scales (VRS) for pain and nausea using an 11-point VRS, with 0 = none to 10 = maximum. Immediately prior to leaving the preoperative holding area, patients were premedicated with midazolam, 20 µg·kg -1 iv. Upon arrival in the operating room, standard monitoring devices were applied and non-invasive arterial blood pressure, heart rate, hemoglobin oxygen saturation, and end-tidal concentrations of carbon dioxide and desflurane were monitored throughout the operation.
Anesthesia was induced with propofol 2 mg·kg -1 iv, and fentanyl 1 µg·kg -1 iv, and tracheal intubation was facilitated with rocuronium 0.6 mg·kg -1 iv. Anesthesia was maintained with desflurane 4-6% in combination with air (1 L·min -1 ) and oxygen (1 L·min -1 ). A combination of droperidol, 0.625 mg iv, and dexamethasone, 4 mg iv, was administered after induction of anesthesia for antiemetic prophylaxis. Bupivacaine 0.25% was locally infiltrated at the incision sites prior to wound closure. At the end of the surgical procedure, residual neuromuscular block was reversed with neostigmine, 2-5 mg iv, and glycopyrrolate, 0.3-1 mg iv, the desflurane was discontinued, and the inspired oxygen flow was increased to 5 L·min -1 . Upon awakening from anesthesia, patients were extubated and transferred directly to the postanesthesia care unit (PACU).
The study medication (i.e., placebo or Celecoxib 200 mg) was prepared in identical-appearing capsules by the manufacturer of celecoxib (Pfizer, Inc., New York, NY, USA). The initial dose of study medication was administered by mouth 10-20 min after patients arrived in the PACU (i.e., either two celecoxib 200 mg or two placebo capsules). The patients were given a numbered envelope containing six additional capsules, and they were instructed to take one capsule twice a day for the subsequent three postoperative days (PODs). The patients, observers, and anesthesiologists directly involved in the patients' care were all "blinded" as to the content of the study medication.
Patients were asked to evaluate their pain and nausea on the 11-point VRS at 30, 60, 120 and 240 min intervals after surgery, as well as immediately prior to receiving any "rescue" analgesic medication. Patients complaining of moderate-to-severe pain (VRS > 3) were treated with fentanyl, 25 µg iv boluses. In accordance with the standard hospital PACU nursing practice, the nurses were not required to titrate fentanyl to achieve a specific VRS pain score. Patients requesting analgesic medication with pain scores of 2-3 received a combination of oral hydrocodone (5 mg) and acetaminophen (500 mg). If the patient complained of nausea or experienced repeated episodes of retching or vomiting in the PACU, they were treated with promethazine, 6.25 mg iv boluses, administered to a maximum (total) dose of 25 mg. "Home readiness" was determined using standardized postanesthetic discharge criteria. 17 A "blinded" interviewer contacted each patient by telephone at 24 hr, 48 hr and 72 hr after discharge to inquire about their maximum VRS pain score, use of oral opioid-containing analgesic medication (i.e., number of pills), occurrence of any emetic symptoms, and use of rescue antiemetic therapy. The patient quality of recovery scores were also assessed using a standardized nine-item questionnaire. 18 Patient satisfaction with postoperative pain management (using a 100-point scale from 1 = highly dissatisfied to 100 = highly satisfied), the times (i.e., number of days after surgery) to tolerate normal fluids and solid food, have a bowel movement, and to resume their normal activities of daily living after surgery were recorded at the 72 hr and/or seven-day follow-up evaluation. The presence of wound (e.g., hematomas, infections) and cardiovascular complications were assessed at the time of the initial postsurgical clinic visit and at the one month follow-up telephone interview, respectively.
Statistical analysis
The group sizes (n = 40) were calculated to detect a one-day reduction in the times to resume normal dietary, bowel and physical activities after surgery in the Celecoxib (vs Control) group, with a power of 80% and a significance level of 0.05. The statistical analysis was performed using SPSS Software (Chicago, IL, USA). For continuous variables, the Student's t test was used to analyze the parametric data, and discrete (categorical) variables were analyzed using the χ 2 test. A repeated measures of analysis of variance was performed to examine differences in the VRS pain and quality of recovery scores over time, with a Bonferroni correction applied for multiple comparisons. Data are expressed as mean ± standard deviation, medians (interquartile ranges), percentages (%), and numbers (n), and a P-value < 0.05 was considered statistically significant.
Results
Of 133 patients who were initially screened, 39 were excluded due to difficulty understanding English, and 14 refused to sign the consent form. Eighty patients met the inclusion criteria, and were subsequently enrolled and randomized to receive the initial dose of the study medication or placebo. Follow-up evaluations were incomplete in three patients (two in group Control, and one in group Celecoxib); none of the data from these patients was included in the final statistical evaluation. The groups were similar with respect to age, weight, height, gender, ASA physical status, and durations of surgery and anesthesia (Table I ). The mean amount of propofol, end-tidal desflurane, and fentanyl administered during the operative period did not differ between the two treatment groups.
Even though the percentage of the patients requiring rescue analgesics in the PACU was similar in the two treatment groups, the amount of fentanyl administered was less in the Celecoxib group compared to the Control group (84 ± 45 µg vs 127 ± 58 µg iv, respectively, P < 0.05). There were no between-group differences in the mean pain scores at PACU discharge; however, the average pain scores on the first, second and third PODs were significantly lower in the Celecoxib group (Table II) . Furthermore, the percentages of patients who required "rescue" analgesic medication at 24 hr, 48 hr, and 72 hr after discharge was significantly reduced in the Celecoxib (vs Control) group (54 vs 90%, 39 vs 88%, 31 vs 84%, respectively, all P < 0.05).
Patient satisfaction with their pain management and the quality of recovery scores on the first, second, and third PODs were significantly higher in the Celecoxib group (Table III) . Recovery of the bowel function occurred earlier (2 ± 1 vs 3 ± 2 days, P < 0.05), and more importantly, the time to resumption of normal daily living activities after surgery was shorter in the Celecoxib (vs Control) group (4 ± 2 vs 6 ± 3, respectively, P < 0.05) (Table III) .
Postoperative emetic symptoms did not differ significantly between the two treatment groups (Table  III) . No patient in either group experienced either wound or cardiovascular complications at the seventh day and one-month follow-up periods after discharge from the hospital.
Discussion
Effective pain management has been reported to facilitate the recovery process and enhance patient satisfaction after outpatient surgery. 1 In the current study involving an adult ambulatory surgery population undergoing laparoscopic surgery, the postoperative administration of oral celecoxib (400 mg·day -1 ) 4.9 ± 0.9 4.8 ± 0.9 Time to 'home readiness' (min) 63 ± 25 68 ± 38 †Values are means ± SD, percentages (%) and numbers of patients (n). ASA = American Society of Anesthesiologists. No significant differences between the two treatment groups.
TABLE II Pain scores, need for rescue analgesic medication in the PACU, as well as on postoperative day one (< 24 hr), day two (< 48 hr), and day three (< 72 hr), and patient satisfaction with their pain management in the two study groups † †Values are means ± SD, medians (interquartile ranges), number of patients (n), percentages (%). ‡Verbal rating scale: 0 = no pain to 10 = maximal pain. *P < 0.05 vs Control group (actual Pvalues specified for all statistically-significant variables). PACU = postanesthesia care unit. 6 ± 3 4 ± 2* 0.014 †Values are means ± SD, percentages (%) and numbers of patients (n). *P < 0.05 vs Control group (actual P-values specified for all statistically-significant variables. PACU = postanesthesia care unit.
for four days immediately after surgery was found to be effective in reducing pain, improving patient satisfaction with their pain management and facilitating the recovery of activities of daily living. This study confirms the previously published study by Gan et al. 13 where a combination of parecoxib and valdecoxib was administered for five days in patients undergoing laparoscopic cholecystectomy procedures. Our findings are also of clinical importance because it has been recently suggested that inadequately treated acute postoperative pain may lead to chronic pain, even in outpatients undergoing minor surgical procedures. 19 The use of COX-2 selective inhibitors has become increasingly controversial following the withdrawal of rofecoxib and valdecoxib from the market due to concerns regarding the occurrence of cardiovascular complications even after relatively short-term (10-14 days) administration to patients undergoing cardiac surgery. 15, 16 In the study by Nussmeier et al., 16 the perioperative use of the COX-2 inhibitors parecoxib and valdecoxib was associated with an increased incidence of cardiovascular events within the 30-day follow-up period after cardiac surgery. Despite this observation, many non-cardiac surgery studies [6] [7] [8] [9] [10] [11] [12] [13] [14] have confirmed that administration of COX-2 inhibitors before and/or after surgery has beneficial effects with respect to improving postoperative pain management without causing serious complications. 20 In contrast to their short-term use (< one week) in the perioperative period, long-term use (> 12 months) of celecoxib 21 and rofecoxib 22 for chronic pain conditions has been reported to increase the incidence of cardiovascular adverse events. In a recent metaanalysis, Zhang et al. 23 reported that rofecoxib was associated with an increased risk of renal and cardiac complications, but a COX-2 inhibitor "class" effect was not demonstrated because celecoxib (and other investigational COX-2 inhibitors) did not appear to be associated with an increased risk of cardiovascular complications. Despite extensive world-wide use of COX-2 inhibitors in the perioperative period, there have been no reports of serious cardiovascular complications associated with short-term use of COX-2 inhibitors in non-cardiac surgery patients. 24 The concerns about the potential for COX-2 inhibitors to increase prothrombotic complications have lead to the search for "alternative" non-opioid analgesics. 25 The gabapentinoid compounds, gabapentin 26, 27 and pregabalin 28 are an interesting class of non-opioid analgesics which appear to possess similar benefits to the COX-2 inhibitors in improving patient satisfaction and facilitating the recovery process after surgery. Other non-opioid compounds (e.g., iv acetaminophen, longer-acting local anesthetics) are also being evaluated as alternatives to the COX-2 inhibitors for minimizing the opioid analgesic requirement and improving patient outcomes after surgery. 29 The current study can be criticized because we failed to include an "active" comparator drug (e.g., ibuprofen). Future studies should compare celecoxib to the less costly non-selective NSAIDs like ibuprofen when administered alone and in combination with acetaminophen immediately after surgery.
In contrast to the study by Buvanendran et al. 30 in patients undergoing knee replacement surgery, the patients in our current study only received the COX-2 inhibitor after their operation. The benefits of short-term postoperative administration of celecoxib in this laparoscopic surgery population were similar to those reported after knee replacement surgery with respect to improved pain management and outcome measures. Our rationale for administering celecoxib only in the postoperative period was because we have found no advantage with peri-vs postoperative celecoxib administration with respect to reducing pain or improving patient outcomes after major plastic surgery procedures. 31 Although Reuben et al. 8 reported that administration of a COX-2 inhibition before surgery provides a longer duration of analgesia, less than 24 hr opioid use and lower pain scores compared to administration of the same dose of the drug after surgery, a qualitative and quantitative systematic review of the peer-reviewed literature, questioned the importance of the timing of analgesia. 32 Despite the opioid-sparing effect of the COX-2 inhibitor in this outpatient surgery population, the overall incidence of postoperative nausea and vomiting was not significantly reduced in this study. The routine administration of droperidol and dexamethasone for antiemetic prophylaxis and the avoidance of nitrous oxide during the maintenance anesthetic period clearly contributed to the low incidence of postoperative emetic symptoms in both treatment groups. Additionally, the study was insufficiently powered to find a difference between the groups with respect to this secondary outcome variable. The failure to find a significant difference between the two study groups in the mean pain scores on POD three was probably related to the fact that the celecoxib-treated patients were more active at 48-72 hr after surgery. Finally, pharmacoeconomic studies are clearly needed to compare the analgesic efficacy and safety of oral COX-2 inhibitors with other less costly non-opioid analgesics (e.g., ibuprofen, acetaminophen) after surgery. 33, 34 In conclusion, administration of celecoxib (400 mg·day -1 po) for four days after laparoscopic surgery decreased postoperative pain and the need for analgesic rescue medication, contributing to improved patient satisfaction and their quality of recovery. These data suggest that celecoxib appears to be an acceptable alternative to the parecoxib-valdecoxib combination 13 in this surgical population. The short-term use of the COX-2 inhibitor did not result in any postoperative wound (e.g., hematoma formation, infections) or cardiovascular complications. Therefore, celecoxib (400 mg·day -1 po) facilitated the resumption of normal activities of daily living after discharge in patients undergoing laparoscopic surgery without any serious complications.
